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MTENDEB ABSTRACT 

An attempt i s  made t o  c o r r e l a t e  t he  c a t a l y t i c  a c t i v i t i e s  
and physical propert ies  of noble metal e l ec t roca ta lys t s ,  using 
ethylene oxidation a t  8OoC,  i n  1 N s u l f u r i c  ac id  as a tes t  
react ion.  Relat ive c a t a l y t i c  a c t i v i t i e s  are measured by a 
comparison of current  values at an a r b i t r a r i l y  chosen potent ia l .  

A c o r r e l a t i o n  w a s  found between c a t a l y t i c  a c t i v i t y  and 
both Latent H e a t  of Sublimation of  t he  metal (L ), which according 
t o  Pauling's formula r e f l e c t s  t h e  adsorbate-adsgrbent bond strength, 
and a l s o  the number of unpaired "dltllelectrons i n  the  metal. 
of these parameters gave a volcano type relat ionship,  when 
p l o t t e d  against  reac t ion  r a t e .  * (Figs.  1 and 2 )  

of L 
xalu8s of the components. 

f i rs t  Period of Transi t ion metals, and again assuming a d d i t i v i t y  
i n  t h e  case of the a l loys .  

diagnost ic  c r i t e r i a  f o r  mechanism determination w e r e  examined, 
and information on adsorption of, ethylene w a s  obtained elsewhere. 
The r e s u l t s  are shown i n  Table 1, A and B. 

Both 

In both cases, P t  l a y  a t  t h e  peak of t h e  curve. Values 

d" electrons,  w e r e  obtained by using the values obtained for the 

f o r  a l loys  were computed by assuming a d d i t i v i t y  of t h e  L 
Values o f  n , t he  number of unpaire8 

In order t o  i n t e r p r e t  t h e  above relat ionships ,  t he  

Oxygen coverage on the  noble met@s has been shown' t o  ! 
be proportional t o  the number of unpaired d" electrons,  and 
similar behaviour might be expected f o r  ethylene. Thus on Gold, 
ethylene i s  known t o  be very s l i g h t l y  adsorbed', while on 
Platinum, the s a t u r a t i o n  coverage i s  that amount t h a t  might be 
predicted on the  bas i s  of 0.55 d" electrons per Pt atom . The 
apparent weak adsorption of ethylene on Rhodium, appears t o  
result from competitive adsorption wi th  oxygen, which i s  known 
t o  adsorb more s t r m g l y  on this  metal than on Pt4. 
of less than 10% oxygen coverage i s  known t o  i n h i b i t  adsorption 
of organic species5. 

* The almost i d e n t i c a l  behaviour of Au and Pd (see Table I A) 
suggest t ha t  under the  conditions of t he  experiment, hydrogen 
o r  hydrogen Eontaining species are absorbed i n  the  Pd, thus 
f i l l i n g  the d" band vacancies. 

The presence 
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T a b l e  I A 

Metal 

Pla t inum 

Pal lad ium 

Rhodium 

I r i d i u m  

Gold 

Osmium 

Ruth en i um 

S i l v e r  

Mercury 

T a f e l  S lope  
(mv) 

1uo 

190 

160 

160 

200 

__ 

16 5 

- 

- 

' i600 d l o g  i 

dPeth  

-0.2 

+0.5 

+0.5 

+0.5 

+0.5 

t ?  

+ ?  

+ ?  

+ ?  

0 

0 3: 

0 

0 

0 s': 

React ion  
Products  

50% cog 
b a l a n c e  
a l d e h y d i c  

cog 

co2 

As Pd 

i600 

On 

d e n o t e s  c u r r e n t  a t  0 .6  volts v s  R.H.E. 

d e n o t e s  t h a t  pH e f f e c t  w a s  z e r o  i n  t h e  r a n g e  pH = 0 t o  4.0. 
r e a c t i o n  d i d  n o t  a p p e a r  t o  proceed  i n  a l k a l i n e  s o l u t i o n s  

d e n o t e s  p a r a m e t e r  n o t  measured due t o  e x p e r i m e n t a l  d i f f i c u l t  

'n 

- 

The 

BS 

+ ? d e n o t e s  p o s i t i v e  p r e s s u r e  effect  o f  unknwnmagnitude 



l----- Alloy 

Pd-Au 
20-80 At% 
46-54 A t %  
78-”2 At% 

Rh-Pd 
75-75 A t %  
5 0 - 5 0  At: 
75-25 At?, 

C u - R h  
10-50 At% 

Cu-Au 
?5-75 A t 8  

Pt-xu 
80-70 At% 
5 0 - 5 0  At% 

P t  -Ni 
85-15 At% 
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Table I B 

T a f e l  Slope 

?P,T/F 

-7 

3x10 
4xJ 0-7 

6x10-7 

7 .  O X ~ O - ~  
1.5x10:; 
3.0~10 

4 .  0x10-6 

1% I o - ~  

8x1 0;; 
5x10 

4. o ~ ~ o - ~  

tWJ; 

+ V” 

tve J ;  

_ _  

+ VC 

- 
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I n  the case of Platinum, previously described by7, the  
following mechanism was suggested, 

H20 - OH' + H+ + e (2) 

( 3 )  C2H4ads + OH'- C2H40 + H+ + e. 

where s t e p  (2)  w a s  r a t e  determining. T h i s  mechanism i s  obviously 
not applicable t o  other  metals, w k r e  a pos i t ive  f r a c t i o n a l  order 
of  reac t ion  w i t h  respect  t o  ethylene ind ica tes  that an adsorbed 
organic species i s  involved i n  the rate determining s tep .  I n  
order t o  in t e rp re t  the observed empirical  r a t e  equation: 

Two mechanisms are proposed. 
I. Radical Attack 

I n  this mechanism, the sequence suggksted above s t i l l  
appl ies ,  except that s t e p  ( 3 )  is  now rate determining. Such a 
mechanism would give r i s e  t o  an equation such as the  above i f  
coverage w i t h  OH' o r  0" were t o  change l i n e a r l y  w i t h  po ten t ia l ,  
as i s  of ten the  case. The change of rate control  from s t e p  ( 3 )  
i n  the  case of Au t o  s t e p  ( 2 )  f o r  P t  and back t o  ( 3 )  f o r  Rh, and 
the  various f ac to r s  cont ro l l ing  it, a r e  considered i n  Table 11. 

(1) -0 .5 
?€I+ 

i = k e  V / R T  $/: 

TABLE 11 

Parametric 

OH Increase in e 

Increase i n  8 

Metal-OH bond 
strength 

e t h  

Metal-ethylene 
bond strength 

Foward Rate of ( 2 )  

decreases 

decreases 

increases 

- 

Forward Rate of ( 3 )  

increases 

increases 

rises t o  max, 
then decreases. 

rises t o  max, 
then decreases. 
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Thus an optimum value ex i s t s ,  l y i n  between the extremes of weak 
adsorption (not t r u e  chemisorption7 and s t rong  adsorption (immobile 
species ,  metal-adsorbate bond hard t o  break). The rate of s t e p  ( 3 )  
w i l l  be highest on c a t a l y s t s  with high coverages of both adsorbed 
species,  and intermediate values of bond s t rengths .  It seems that 
P t  fulfills these conditions, having however a r e l a t i v e l y  slow r a t e  
for s t e p  ( 2 )  owing t o  the high coverage of ethylene. 

This accounts f o r  s t e p  (2) being rate determining. On 
gold, very low coverages and low bond strengths of adsorbed 
r ad ica l s  r e s u l t  i n  s t e p  (3) proceeding slowly. The same i s t r u e  
on Rhodium, again because of very low ethylene coverage but a l so  
because of the much higher Metal-Oxygen bond s t rength.  I n  both 
cases, s t e p  ( 3 )  becomes r a t e  determining. The weakness of the 
Metal-Organic chemi-bond i n  the  case of gold, i s  the probable 
reason f o r  desorption of intermediates such as aldehydes, as 
opposed t o  the complete oxidation t o  C02 observed on other  metals. 

11. Electron Transfer from Organic Species 

proposed f o r  many oxygen containing organic species (6 ) ,  the 
sequence is :  

In  this second possible  mechanism, which has already been 

. C2H4 -+ C2HQadS 

C2H4ads - C2HG + H+ -k e 

C2H; + H20 - C2H40 + H+ t e 

Such a mechanism i s  possible  whenever z e r o  o r  pos i t ive  pressure 
e f f e c t s  w i t h  respect  t o  concentration of  organic species are 
observed. 

i s  presently under way, involving H/D isotope e f f ec t s .  

I 

An attempt t o  d is t inguish  between mechanisms I and I1 
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